Targeting ion channels in cancer: a novel frontier in antineoplastic therapy.
Targeted therapy is considerably changing the treatment and prognosis of cancer. Progressive understanding of the molecular mechanisms that regulate the establishment and progression of different tumors is leading to ever more specific and efficacious pharmacological approaches. In this picture, ion channels represent an unexpected, but very promising, player. The expression and activity of different channel types mark and regulate specific stages of cancer progression. Their contribution to the neoplastic phenotype ranges from control of cell proliferation and apoptosis, to regulation of invasiveness and metastatic spread. As is being increasingly recognized, some of these roles can be attributed to signaling mechanisms independent of ion flow. Evidence is particularly extensive for K(+) channels. Their expression is altered in many primary human cancers, especially in early stages, and they frequently exert pleiotropic effects on the neoplastic cell physiology. For instance, by regulating membrane potential they can control Ca(2+) fluxes and thus the cell cycle machinery. Their effects on mitosis can also depend on regulation of cell volume, usually in cooperation with chloride channels. However, ion channels are also implicated in late neoplastic stages, by stimulating angiogenesis, mediating the cell-matrix interaction and regulating cell motility. Not surprisingly, the mechanisms of these effects are manifold. For example, intracellular signaling cascades can be triggered when ion channels form protein complexes with other membrane proteins such as integrins or growth factor receptors. Altered channel expression can be exploited for diagnostic purposes or for addressing traceable or cytotoxic compounds to specific neoplastic tissue. What is more, recent evidence indicates that blocking channel activity impairs the growth of some tumors, both in vitro and in vivo. This opens a new field for medicinal chemistry studies, which can avail of the many available tools, such as blocking antibodies, antisense oligonucleotides, small interfering RNAs, peptide toxins and a large variety of small organic compounds. The major drawback of this approach is that some ion channel blockers produce serious side effects, such as cardiac arrhythmias. Therefore, drug developing efforts aimed at producing less harmful compounds are needed and we discuss possible approaches toward this goal. Finally, we propose that a novel therapeutic tactic could be developed by unlocking ion channels from multiprotein membrane signaling complexes.